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Taper phenomenon of UV-laser punching process on zero-shrinkage substrate
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Abstract With the miniaturization with both high functionality and high integrity of the probe cards, the highly precise
laser punching on the zero-shrinkage high strength substrate has attracted more attention recently. Taper occurrence during
laser-punching on green sheets appears as a problem in process. The size (diameter) difference between the entrance hole
and the exit hole in tapered holes appeared to be inversely proportional to the hole size itself. To suppress taper
occurrence, two-stage punching was adopted as the size of second hole was varied from 70 ym to 79 um when punching
80 um via holes on the substrate with thickness of 380 um. The minimal taper ratio of 11.9 % appeared with second hole
size between 70 to 79 um before sintering. Taper ratio reduced to 7 % after zero-shrinkage sintering. The size difference
between first hole and second hole appeared minimal when the size of second hole was 95~97 % to that of first hole.
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Fig. 1. Schematic structure of zero-shrinkage substrate.
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Fig. 2. Punched hole sizes of entrance and exit holes with
variation of UV-laser powers.

oA 3)A4<l revolutione 200% VAT oW,
glojx|e] o] FTIgtl wet 713 A &3 s &
7] =]t F7FsIAL o], Hiolsw difo]l HA S7Is)
g I & A HolA EH 1 wattd] 5
AZE Y3 revolution®] 20 oY wj&= HATsh=

o] 713e] SIHoA] o7 $H38] HFEA] &4
oA E¥o] 2~5wattd Aol M- & A7
HalslA] eFgtont, ol EHo] SIS
A717F F7kste] AR E3) - &9 Aolw
7Vebe AEs UeERITE &8 Swattd] 73 A
109 um, sH- & 272 75~76 um= M3
o, F &9 A= <F 30 %s YEMIUTE wfehA g
o|A E¥o] WSHE Holy HAE Y F IS ¢
T AN O, A 2] A 1 watt 27N A7 80 um
of 7P ZH3IAA T Eo SIHoA] oA ¢ 8]
Aol A ot Holx &9 7k 2 watt® A3
o E AFe 9% FolA AU revolution®] 73
£ 108]~508] WM H-E3FAT}. revolutione] 10Y
735 =9 1 watt 399} o] o] 3] dFEA &
*O™, revolution®] 20 odellre HFE= &2 =71
W37} QIO R revolution 2008 AA AT}
Fig. 32 755 713 #olA AM=Z & HAF Al
714 wE "oy @S Yeflle A 23 3
7] W3E etk AFEe & 2704 wmEk A
23 st Zo] A7 bEA dEENeH, & =717t
ASTE A £ s & 719k Aol AR,
E 7 A-RSFE AR 23 s & 7] A7) Aol
= oA AS E F Utk S0um & HAFE A
A o] AHLE 59 um, SHE S99 A2 47 umE
Uepgon, ofd tigk Hxk= F 20 %] AolE YEf

Witk 7P 2 29 A4 150 ume) F HE A AR

J

.
&, o

i ﬁ“é ofN o rlo o v m r{r
v 2y 8
o
rlo

e
=

e
=

170
160
150
140
130
120
110
100
90
80
70
60
50
40
30

Punched hole size (um)

Fig. 3.

E A7L 150 um, M- & AL 147 um=E F =
o] A7 #Hx
th #olx & olgsle] &5 HFse AT

C —a&— Entrance hole
- —e— Exit hole

50 60 70 80 90 100 110 120 130 140 150
Hole Size(um)

Punched hole sizes of entrance and exit holes with
variation of hole size by laser punching process.

T %
Azl 2 %A =

2
[t
fr
P
tlo
o ot
)
9{_1‘
4
T 30
4 0 30 N

H golA |
A s B2 257 543 2T s 863
Aol SEHOEMN F FEo] AAFe] My k.
go|AE FAbslo] 7o) vERE7EA] el HEE
© &S 71 w9l upgHe| nla] glojAd] kEEHe
Alzte] diiEo® A7 wo] Qi oA IS

WA E Wep Eo) H7e] H258 oAzt 2t
He Gojo] HobAA| Hof /|3 T A% A ol
A7} 2AkEE i) IHRRE dolqe] JBL wol
sheEe] s We gelo] dolqe] o csjel

Output: 1 watt
Revolution: 10

Zero-shrinkage sheet

1st Hole Process

— —— Output: 2 watt

Revolution: 20

| — y

e

[

2" Hole Process

Fig. 4. Schematic of second hole process by UV-laser.



288 Ik-Jun Ahn, Dong-Hun Yeo, Hyo-Soon Shin and Kwang Bo Shim

™

LI

B

AFEe A 7IR1g Z o= AlsHr). ojuf 7|
o] o] =A7|e}t vpgHe] & =A7] AL A
gk Hloly] A2 &4 A7t ASFE At
Hols Sl A &3 e & 7] A Alel:
Zo]7] 98l Fig. 49 7£°] second hole processE %
AL A2 sk Eoll #HolARE 1%}
At & 29S8 w9 3Ys =2 AdFst] 71 Sl
Zo|= "ot} 7|3
=2 first hole, 28|32 A =3
M &9 AolE 30171 HOH AFFs= &S second
holeZ 3£7]|3}%t}. First holeS M3t & =
second holeS Yt 7|2 HFsHA =H
AXA FA T w2 SHO R Qlal] A & A
of AXA Hoh. wEbA A & A7)7F S B8R
oHA st & A7E WY 4 Ue HASKE second
hole 7k Z71E 14 siGitt.
Z17do] 80 um®l =2 second holeS 2834 3L
%2 2 watt, revolutiong 2022 HF 79 AHE =
4L 93 um, 3 & FAHLE 73 um=E YERT Ho]
¥ A4S NAAs] ) first holes 1 watt, revolution
1002 HF3 F second holeS #-&3le] =3 2
watt, revolution2 2092 HF3}Ic}t. First holes
80 um% H-F3F & second hole Z7]E 70~79 um= &
g3l HAFsS 9 Fig. 501]7\19} 7+o] second hole
Z]730] 76~77 pm%@ o - &2 84 um, SHF- 2 74
pm= F &0 7] ztol7t 7P AA| verstt 70 pm
HE 75 pm7A] AR E3 R & 7] Hapt EolE
7t gAl 78 um °lF= TR F7teleE AS & 7 2
=4, ©]3S second hole®] 80 umell +HE -9 first
hole 718} ZHoA|A| =of Holxe] &2 ofufx|e] &
garoz AL 5 F7)71 718 ASE AMEETE First

© 1:1:1

o m?ﬁ
Lo
I o

ETH

AN

offt ot
§2 > rlo

it

o 5L N

100
| —m— Entrance hole
95 - —e— Exit hole
90
_ i "
E 8 -
2 L - ./l—l—l—l/
.g 80
p 75-
) - e e
K e o
.g i ./
- 70 _—
2 L .
G 651 oo ©
5 |
[
55 -
50 I n 1 L 1 L 1 L 1 " 1 n 1 1 1 L 1 n 1 " 1

70 71 72 73 74 75 76 77 78 79
Second hole size (um)
Fig. 5. Punched hole size of entrance and exit holes with

variation of second hole size on zero-shrinkage substrate by
UV-laser.

100

L —=— Entrance hole
95 | —e— Exit hole

90 ;
85 ;
80 ; |

75-_ ./‘—’—‘/./0—0—0—0/'
70-

65 |-

Punched hole size (um)

60 |-

55 |-

50 I [T NPUR [N N N S R S R
70 7 72 73 74 75 76 7 78 79

Second hole size (um)

Fig. 6. Punched hole sizes of entrance and exit holes after
zero-shrinkage sintering with variation of second hole sizes.

hole =719} H]3}4] second hole 7|7} <F 95~97 %
A o F & 7kee] o7t 7P Ao, ol AN
< 0E 279 & A= Q’?lo}‘ii

Age 75 710s 4% & 45 &3 5 &9
zel& Fig. 6o YERSITE. 75 719o] sk
ol fulsre] x.- y% HIsEo R = 235k Yol T
wael Zozuk oF 40 9% £=51= A 71 A

o] & A7le ALl Hept U oL, 71 & A

717F AAA = 713 3 &3 e & 7] zleo|rt
W=, second hole =717} 75 pm, 76 um, 77 um
NN F F Zke] zpol7t 7P AA ERTE A &3
sHt o] A7) zol]l HolH %E (1-(6H:- & 7]

=7 & A7]))*100 % 2 olg3te] 7Y | A
& & 3719 76 um, 77 umE A4 M3} vH)wEhH A&
4 FF & ko] Re7t oF 7w EelEe e &

Fig. 7. Optical image of cross section of holes punched by

laser punching in a zero-shrinkage substrate; (a) a hole punched

normally with hole size of 80 um, (b) that punched by second

hole process with hole size of 74 um, (c) that punched by
second hole process with hole size of 76 pum.



Taper phenomenon of UV-laser punching process on zero-shrinkage substrate 289

A7 REE )% e ATE F Ee
camscopes ©]&3ate] Fslo|mx]E YERHATE. Fig.
7()°] 735 80 ume] L #oAE ol8ate] LdukH<l
AR AFdh 2o] doR 7| SRRl AT
ZolA] ol AR-E S E7HA AMde® FopAlE H|o]
¥ @de] vehbe A & 5 St Fig 7(b)e] 35
second hole processE 283l &5 HFsIgou 3
A5} F)A] 252 second hole sizeZ ggh &2] To]
th. Fig. 7@t vlasle] 7]ge] ojginiel st & 2
77k AR Hlols) el ANF AL BT 5 ek,
Fig 7(cye A% 3 ot & daph /1 4 & =2
719 T6pum & VRS UEhigon, A 3F 3
E0E AR s % 2 Eel Al WEs
°] Fig. 7(a)ok Hlaste] dlo]s @xe] AahA /i
" 2 21 5 i

i *

)

4.2 E

ALOs®} LTCC I-HE comma coaters ©]-8-3ho]
40 um, 10 pm FAC] ZAXNER ZH2t Algel & AF
2 Ffste] B 7|RE AFsdth s 713
of HolAE ol&std mAl & HFAeM As=
o)y S /N3] Y8l second holeS Z 831
Tt 2 A3E L9l

gojA E¥o] F&T5
7t Sk s ERld
SH- & e WsPh A9 glYley A & e

glols FL sRA387] Y3l second hole AL A
&3t 80pum &2 HFA HHO second & AINE
7] 98 70~79 um & HFSIRE A
77 pmell A Eo]H % Fho] 11.9 %2 7Pg wWeker, A
TH FEE 71HE 243 Fole Heol el 7%E
Z3It}. First hole Z7]9} H]arsle] second hole Z71=

AN

first hole =71¢] ¢F 9597 % & uwj Ho|¥7} 714 2
Al JERAT

References

[1] H. Sohn, D.-S. Shin and J. Choi, “Characteristics of
direct laser micromachining of IC substrates using a
nanosecond UV laer”, J of KSLP 15 (2012) 7.

[2] B. Adelmann and R. Hellmann, “Rapid micro hole laser
drilling in ceramic substrates using single mode fiber
laser”, J. Mater. Process. Technol. 221 (2015) 80.

[31 Y. Zhang, Y.Q. Wang, J.Z. Zhang, Y.S. Liu, X.J. Yang
and Q. Zhang, “Micromachining features of TiC
ceramic by femtosecond pulsed laser, Ceramics Interna-
tional 41 (2015) 6525.

[4] T.-J. Jo and D.-H. Yeo, “Control of De-lamination phe-
nomena in LTCC zero-shrinkage by glass infiltration
method”, Trans. Electr. Electron. Mater. 12 (2012) 23.

[5] T. Rabe, W.A. Schiller, T. Hochheimer, C. Modes and
A. Kipka, “Zero shrinkage of LTCC by self-constrained
sintering”, J. Appl. Ceram. Technol. 2 (2005) 374.

[6] S. Mishra and V. Yadava, “Modelling of hole taper and
heat affected zone due to laser beam percussion drill-
ing”, Machi. Sci. Technol. 17 (2013) 270.

[7]1 Y.Z. Yan, L.F. Ji, Y. Bao and Y.J. Jiang, “An experimen-
tal and numerical study on laser percussion drilling of
thick-section alumina”, J. Mater. Process. Technol. 212
(2012) 1257.

[8] J.G. Kim, W.S. Chang, B.S. Shin, J.W. Chang and K.H.
Whang, “Blind via hole Drilling Using DPSS UV
laser”, J. of KSLP 6 (2013) 9.

[9] S. Mishra and V. Yadava, “Finite element (FE) simula-
tion to investigate the effect of sheet thickness on hole
taper and heat affected zone (HAZ) during laser beam
percussion drilling of thin aluminium sheet”, Lasers in
Eng. 30 (2015) 341.

[10] A. Tabari and A. Ahmad, “A semicontinuous approach
for heterogeneous azeotropic distillation processes”,
Comput. Chem. Eng. 73 (2015) 183.

[11] Z.Y. Zhu, L. Wang, Y.X. Ma, W.L. Wang and Y.L.
Wang, “Separating an azeotropic mixture of toluene and
ethanol via heat integration pressure swing distillation”,
Comput. Chem. Eng. 76 (2015) 137.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


